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Abstract 

We consider eight-brane configurations in M(atrix) theory and compute their inter- 
action potentials with gravitons, membranes, and four-branes. We compare these results 
with the interactions of D8-branes with DO-branes, D2-branes, and D4-branes in IIA string 
theory. We find agreement between the two approaches for eight-brane interactions with 
two-branes and four-branes. A discrepancy is noted in the case with zero-branes. 



1. Introduction 



In the last few years it tias been discovered that the five consistent superstring theories 
in ten spacetime dimensions (IIA, IIB, Type I, Eg x Heterotic and SO{32) Heterotic), 
which were previously thought to be distinct, are in fact different descriptions of a sin- 
gle underlying theory. Evidence for this includes various dualities between compactified 
versions of these theories. A striking realization of Witten (which was anticipated by 
Townsend was that an eleventh dimension emerges in the strong coupling limit of the 
IIA string theory. That is, the non-perturbative IIA string theory is actually described by 
an eleven-dimensional theory (M-theory) which has D = 11 supergravity as its low energy 
effective description. 

An important check of the eleven-dimensional theory is that it should be able to 
describe non-perturbative objects which exist in the IIA theory, such as the Dp-branes 
1^. The IIA D0,2,4,6-branes seem to have clear interpretations in terms of M-theory 
compactified on a circle as Kaluza-Klein modes, unwrapped membranes, wrapped five- 
branes, and magnetic Kaluza-Klein branes, respectively [||. The M-theory interpretation 
of D8-branes remains unclear, however. Issues related to their possible emergence from 
D = 11 supergravity have been discussed in [§|,|5|. In particular it has been suggested that 
the IIA 8-brane may have an interpretation as a wrapped 9-brane, possibly related to the 
"end of the world" 9-branes of M-theory with a boundary. 

The remarkable conjecture of ^ is that the full quantum description of M-theory in 
the infinite momentum frame is given the by large limit of D = 10 U{N) supersymmetric 
Yang-Mills theory dimensionally reduced to + 1 dimensions. This formulation in terms 
of the supersymmetric quantum mechanics (SQM) of an infinite number of highly boosted 
DO-branes has been referred to as 'M(atrix) theory'. Since M(atrix) theory does contain 
eight-branes 0, we may hope to probe their eleven- dimensional origin within this context. 
A possible relationship between D8-branes and boundary degrees of freedom in M(atrix) 
theory was recently discussed in 

Scattering between various configurations of p < 6 branes in M(atrix) theory has been 
considered in P JT0| , |TT| , p!^ , |T3| , p^ . Generically it seems to be the case that the low- velocity. 



long-distance potentials between configurations of branes in M(atrix) theory agree with 
those obtained from string theory and supergravity calculations. In section two we con- 
sider configurations with M(atrix) eight-branes and compute static interaction potentials 
with gravitons, membranes, and longitudinal five-branes. In section three we consider 
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analogous configurations of D-branes in IIA string tlieory, wliidi generally contain large 
magnetic fields on their world volumes. In section four we discuss the results. We find 
agreement between the two approaches for eight-branes interacting with two-branes or 
four-branes. However in the case of eight-brane zero-brane interactions we find that con- 
tributions coming from the (— 1)^R sector in the string calculation do not appear in the 
M(atrix) calculation. 



2. 8-branes in M(atrix) theory 

In this section we consider interactions between M(atrix) eight-branes and various 



lower dimensional objects which exist in the theory using techniques developed in |lTO|,p 
We use a gauge fixed form of the M(atrix) theory action (z = 1, 9), 
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+ ghosts (2.1) 



where J-'oi = doAi — z[Ao, A^], !Fij = —i[Ai,Aj], and all the fields are U(N) matrices. To 
compute the effective action we decompose the matrices into block diagonal backgrounds 
and off-diagonal fiuctuations, 
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and integrate out the massive fields at one-loop. It is possible to describe 8-branes in 
M(atrix) theory by choosing a background in which = ici, = ic2, 

[X^, X^] = ics, and [X^, X^] = ic4. This does not represent a pure 8-brane however, since 
it also contains 2-branes, 4-branes, and 6-branes. 



2.1. Interactions with gravitons 

We represent a graviton scattering off an eight-brane with the background, 



X 



7 





n \ 







1 








X^ 


P2 









:) 








x^ 



















x^ 


Pa 









:) 








x^ 


^vt 







x' = 
x^ = 

^'=[^n n) (2-3) 



Qi 


Q2 





Qs 



Q4 




OJ 

where Pi and Qi are N x N matrices that satisfy [Pi, Qi] = ici in the large Hmit. The 
zero entry in the lower diagonal represents a single zero-brane which has a M(atrix) theory 
interpretation as a graviton. Expanding around this background and integrating out the 
massive off-diagonal modes at one-loop gives the amplitude in terms of the determinants 
(with T = it and 7 = —iv), 

Bosons : 

det~^{-~dl + H + 2iv)det-^{-dl + H - 2iv) 
det-\-d^ + H + 2ci)det-\-d^ + H- 2ci) 
det-\-dl + H + 2c2)det-^{-dl + H- 2c2) 
det-^{-d^ + H + 2c3)det-^{-d^ + H- 2C3) 
det-^{-dl + H + 2c4)det-\-d^ + H- 2ca) 

Ghosts : 

det^(-d^ + H) 

Fermions : 

det{dr + rfif) 



(2.4) 



where, 
and. 



H = P^ + Ql + Pi + Ql + Pi + Ql + Pi + Ql + ^vH'' 

rfif = jiPi + 72Q1 + 73-P2 + 74Q2 + 75-P3 + JeQs + 77-P4 + 78^4 + 79^'^- 
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The + terms in H are just a collection of simple harmonic oscillator Hamiltonians 
with eigenvalues Ci{2ni + 1). Similarly —9^ + 7^r^ has eigenvalues 27(n + |). We can 
easily compute the bosonic and ghost determinants, and using Schwinger's proper time 
representation, they give a contribution to the one-loop effective action of 

^ _.r<i±_}^ 1 

^ Jo s 2sinfs 16sinhcissinhc2ssinhc3ssinhc4s 

X {2cosh2t;s- 2 '^^.S) 

+ 2 cosh 2cis + 2 cosh 2c2S + 2 cosh 2c3S + 2 cosh 2c4s} 

The fermionic determinant is problematic because it cannot be converted into Klein- 
Gordon form by the usual method (there is no tenth 16 x 16 matrix which anticommutes 
with all the 7i's). We can however evaluate it in the v ^ limit and the result is, 

rfs J 1 

s 2fs 16sinhcissinhc2ssinhc3ssinhc4s 

(2.6) 



Tp — i 

X I — 8 cosh cis cosh C2S cosh C3S cosh C4S -f- (9(t') 
From ( |2.5| ) and ( |2.6| )we extract the effective potential which is defined through 

T = Tb + Tf = -i [ drViR^ = v^T^). (2.7) 



By expanding the integrand for small Ci we can do the integral over s by analytic contin- 
uation and we obtain the result, 

y _ f 4 + 4 + 4 + 4- 2(44 + ci4 + 44 + 44 + 44 + cjci) ^ ^ \ ^ 
\ 16C1C2C3C4 J 

2.2. Interactions with membranes 

We represent a membrane scattering off an eight-brane with the background, 

x' = [';: 1) )^ :( (2.9) 
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where Pi and Qi are as before, while pi and qi are n x n matrices which we take to satisfy 
[pi, qi] = ic. In this case we also take ci = C2 = C3 = C4 = c. The determinants are, 

Bosons : 

det-'^i-d^ + H) 

det-^{-dl + H + 2c)det-^{-dl +H -2c) 
det-\-d'^ + H + 2iv)det-\-d^ + H- 2iv) 

Ghosts : 

det\-dl + H) 

Fermions : 

det{dr + rfif) 

where, 

H = (Pi +pif + (Qi - qif + P| + Ql + Pi +Ql + Pi + Ql + Ivh^ 

and, 

rfif = 71 (Pi + pi) + 72(Qi -qi)+ 73P2 + 74Q2 + 75^3 + 76<33 + 77^4 + 78<34 + 79Vt. 

Defining P± = Pi ± pi and Q± = Qi±qi which satisfy [P_|_,(5_(_] = [P_,(5-] = 2ic and 
[P+,(5_] = [P_,Q_|_] = 0,we can represent Q± by x± and P± by 2icdx± so that if has 
eigenvalues, 

H = Ac^k\ + + c(2n2 + 2^3 + 2n^ + 3) + 7^^ 

where /c_|_ and X- are continuous. The bosonic and ghost determinants give a contribution 

of, 

nOCi 7 11 1 

TB=iMi ^ — |2cos2t;s + 6cosh2cs) (2.11) 

Jo s 4cs2sin^;s8sinh^cs ^ J v ^ 

where the overall factor of Mi = J dx-\-^^^ comes from the degeneracy in H. As before, 
we compute the fermionic determinant in the v ^ limit and it gives a contribution of, 

poo ^11 1 

TF = iUi —- = -^{-^cosh'^cs^Oiv)] (2.12) 

Jo s Acs2ivs%sm\v^ cs ^ ^ 

The potential extracted from ( |2.11| )and ( p.l2|) is, 

V = Mi{^ + 0{v)]R (2.13) 



2.3. Interactions with longitudinal five-branes 

We represent a four-brane scattering off an eight-brane with the background, 
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^'=(^n' n) )^ :V (2-14) 

^ - • 

In this case pi and are nxn matrices which we take to satisfy [pi, qi] = zci, [p2, ^2] = ■^C2. 
The four-brane configuration in the lower block of the XiS carries membrane as well 
as longitudinal five-brane charge 0. The one-loop amplitude is given in terms of the 
determinants, 

Bosons : 

det-^{-dl + H) 

det-\-d^ + H + 2iv)det-\-dl + H - 2iv) 
det-\-dl + H + 2c3)det-\-d^ + H- 2C3) 
det-\-d^ + H + 2c^)det-\-d^ + H- 2c^) (2.15) 

Ghosts : 

det'^i-d^ + H) 

Fermions : 

det^dr -f rfif) 

where, 

i7 = (Pi pI) + (Qi - q^f + (P2 +P2? + (Q2 - 92)' + Pi + Ql + Pi + Ql + 
and, 

7/1/ = 71 (Pi +Pl)+72(Ql-?l) +73(^2 +P2)+74(<32-?2) +75^3 +76Q3 +77^4 +78Q4+79^i- 
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The spectrum of H is, 

H = Aclkl^ + 4c^A:i+ + xl_ + xl_ + C3(2n3 + 1) + 04(2^4 + 1) + 7^^^- 

and the contribution to the one-loop integral from bosons and ghosts is, 

. , . , rfs 1 1 1 1 



C1C2 (4s)^ 2zsinfs 4sinhc3ssinhc4s (2.16) 
X {2 + 2 cos 2vs -f 2 cosh2c3S + 2 cosh2c4s} 

where again there are degeneracies coming from Afi = J dxi-\- . The fermionic contri- 
bution in the f — > limit is 

poo 111 1 

Tf=J^iJ^2 / TTT^TT — 1— ^-i ^-i {-6coshc3Scoshc4S -I- 

Jo ^ C1C2 (4sJ^ 2zfs 4smhc3Ssmhc4S 

(2.17) 

The potential extracted from ( |2.17| )and ( p.l6|) is 

MAT^ 1 / (cj-cl)^ 
C1C2 647r\ C3C4 



^ = + 0{v) \R (2.18) 



3. D8-brane interactions in IIA string theory 

In this section we compute interactions involving D8-branes in Type IIA string the- 
ory. To reproduce the brane configurations of the M(atrix) theory we must turn on a 
large constant magnetic field in the world volumes of the D-branes. This has the effect of 
forming a non-marginal bound state with lower dimensional branes. Using the techniques 
of [^ p!5| , p!6| , pr7| , p!8[| we compute the one-loop vacuum amplitude for open strings stretched 



between these D-brane configurations, including the effects of the relative motions and 



background magnetic fields. As discussed in [|T9[ the short distance limit of these ampli- 
tudes is dominated by the lightest modes of the open strings ending on the branes, and 
this is the physics which is encoded in the SQM of the M(atrix) theory zero-branes. In 
the long distance limit the amplitudes are dominated by the exchange of massless closed 
strings. What is somewhat surprising is that the long and short distance potentials agree, 
even though the configurations do not in general preserve any supersymmetry. This can be 
explained by the fact that we must consider very strong magnetic fields, which correspond 
to a large number of zero-branes bound to the system. The zero-branes then dominate 
the dynamics and the configuration becomes "almost" supersymmetric [0. The M(atrix) 



theory analog of this is that the zero-branes are boosted to the infinite momentum frame 
in the large limit. 
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3.1. Pure D8-branes 

Let us first review the interactions of D8-branes in tlie absence of a background mag- 
netic field ■ Tlie one- loop vacuum amplitude gives tlie scattering pliase sfiift for moving 
D-branes [ITH] witli relative velocity v — tanhyrz^. For Dp-branes {p = 4,6) scattering off 
D8-branes the amplitude is 0, 

Ztv J t 

e;(o|zt) 



ei{iyt\it) 



(3.1) 



rpr8-p _ Q2{j^t\it) 
3 2 "^St^S 



Qsio\it) e2{o\it) 

The one-loop vacuum amplitude for a static DO-brane and D8-brane is given by, 

A= ! j{4nty/'u'l{fl-fl + f!} 



(3.2) 



The three terms in brackets come from the NS, R, and (— 1)^R sectors respectively, and 
the expression vanishes by the 'abstruse identity' reflecting the fact that this configuration 
preserves a quarter of the supersymmetries. This is a case where the number of directions 
with mixed Neumann-Dirichlet boundary conditions is eight and therefore the oscillator 
expansions for transverse bosons and R fermions have half-integer moding, while transverse 
NS fermions have integer moding. The transverse NS fermions then have zero modes which 
is why the (—1)^ NS does not contribute to the partition function. We can in principle 
compute velocity dependent corrections and they appear as in (13TD , except for the (-l)^R 



sector which has an additional complication due to the superghost zero modes. We hope 
to address this case in more detail in future work. 

3.2. The 8-6-4-2-0 configuration 

We turn on a constant background world volume field strength. 
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(3.3) 



^ Our conventions for tlie /-functions are as in S. The G-functions are standard. 
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so that the D8-brane carries 6,4,2, and brane charge due to couphngs with the other R-R 
potential forms through. 



Cr A F + A F A F + ^Ca A F A F A F + ^Ci AFAFAFAF 

This describes a non-marginal bound state of 8-6-4-2-0 branes analogous to the M(atrix) 
eight-brane configuration. Let us consider interactions of DO-branes with this object. The 
magnetic field alters the boundary conditions at the open string endpoints on the 
D8-brane (which we take to be at cr = 0), 

d^X' + F^drX'' = a = 

drX' = a = TT (3.4) 

drX^ =0 (J = 0, TT 

In contrast to the case with a pure D8-brane, this configuration preserves no supersymme- 
tries. The Dirichlet boundary conditions at the endpoint on the DO-brane (cr = tt) fiip the 
moding of the NS and R sectors to integral and half-integral, respectively. However, the 
constant magnetic field also alters the boundary conditions and mode expansions of the 
transverse fermionic fields so that there are no zero modes, therefore all sectors contribute 
to the partition function. The one-loop vacuum amplitude for open strings stretched be- 
tween this configuration is, 

Zb = ^^^^^^e4(zeit|zt)"^e4(ze2t|zt)"^e4(ze3t|zt)"^e4(ze4t|it)"^ 

Zf = ^|e2(zeit|zt)e2(ze2t|zt)e2(ze3iNt)©2(«e4tNt) ^3 5^ 

- ei{ieit\it)ei{ie2t\it)ei{ie3t\it)ei{ie4t\it) 

- e3{ieit\it)Q3{ie2t\it)e3{mt\it)03{ie4t\it) 

+ Q4{ieit\it)e4{ie2t\it)e4{ie3t\it)e4{i^4t\it) + 0{p) 

where the four terms in brackets come from the NS, (— 1)^NS, R, and (— 1)^R sectors, 
respectively and tauTrei = F^. Here we are considering an adiabatic approximation where 
the D-branes are moving with a vanishingly small relative velocity, so we only will keep 
the leading (f term in ( |3.5| ). Since we want to consider large values of F^ we make a 

9 



change of variables to = ^ — and take Ci to be small. We can truncate the amplitude 
to include only the lightest open string modes by taking the t oo limit of ( |3.5| )and we 
find, 

1 f dt 1 1 



271 J t z^t 16sinh7rcitsinh7rc2t sinhyrcat sinh7rc4t 
X < 2 cosh 27rcit + 2 cosh 27iC2t + 2 cosh 27icst + 2 cosh 2TiC4t 



(3.6) 

— 8 cosh -KCit cosh 11021 cosh Treat cosh -KC/^t 

+ 8 sinh TTCit sinh 7rc2t sinh ivc^t sinh 7rc4t + 0{u) 

This is the short distance limit, where we would expect that the amplitude should agree 
with the M(atrix) results T iA (|2.5| ) ( |2^ ). However the term coming from the (— 1)^R 
sector in ( p.6| ) does not seem to be accounted for in the M(atrix) calculation; otherwise we 
find agreement when Ci = nci and v ~ nv. 

To find the long distance potential defined through A = — J dTV{R'^ = f ^r^) we take 
the t — i> limit of (|3.5|) which is dominated by the exchange of light closed strings between 
the D-branes. By expanding the integrand to lowest order in Ci and doing the integral over 
t by analytic continuation we arrive at the following result. 



r(-i/2) 4 + 4 + 4 + 4- 2(44 + 44 + 44 + 44 + 44 + 44) + 8C1C2C3C4 ^ 

V = -j= ri 

32V7r C1C2C3C4 

(3.7) 

This static linear potential vanishes when ci = C2 = C3 = C4 This can be understood by a 
T-duality which takes this system to a pair of non-intersecting D4-branes where we know 



that some supersymmetry will be preserved when they are oriented at SU{A) angles pi 
The M(atrix) result ( p.8| ), which is missing the last term in (|37?|), does not exhibit this 
important behavior. 

3.3. 2-0 and 8-6-4-2-0 interactions 

In this case we must also turn on a magnetic field in the world volume of the 2-brane, 
which we take to be = —F"^^ = F. For simplicity we also set Fi = F2 = Fs = F4 = F 
in ( |3.3| ). In the directions common to the 2-brane and 8-brane, the boundary conditions 
are the same as for an open string with opposite charges on the ends in a constant magnetic 
field , so we get an overall factor of (1 + F"^) in the partition function [^. The one-loop 



vacuum amplitude for open strings stretched between this configuration is given by. 
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(3. 



A = L'^-^lj{4nt)-'ZsxZ^ 

= iTT7r|A-^e4(z6t|it)-^ 

2\ e3(0|zt) ■'^ ^ ' ' e2{'^\it) 

where the three terms in Zp come from the NS, R and (—1)'^ NS sectors respectively 
and tanyre = F. By T-duaHty, Zb and Zp are the same as for the 0-brane, 6-brane 
configuration considered in [|ll|. By expanding around a large magnetic field value e = \—c 
and going to the limit t ^ oo where massless open string modes dominate the amplitude 
becomes, 



A 



-2 



1 + fdt 1 TT 



2n J t 4nt SsinTci/tsmh.^ TTct n^ 
X <( 2 cos 2ni't + 6 cosh 2nct — 8 cos niyt cosh"^ net 



The long distance behavior coming from the massless closed string channel is obtained 
from ( p. Sp in the t — > limit. The amplitude is divergent, but we can regularize the 
situation by extracting an effective potential A = — dTV{v'^r'^). After relabeling 
nu = V, nc = c, VT = R; expanding to lowest order in c and v; and doing the integral over 
t by analytic continuation we get the result. 



V = L^y±^_^y!^JL^ ^i?. (3.10) 



32% c3 

In the limit where F ^ i is very large and ^ we find precise agreement between 
(p|),( P^) and the M(atrix) results {^),{^), and (pTSj) provided that we identify M = 
as in PI,|TTI1. 



3.4- 4-3-0 and 8-6-4-2-0 interactions 

To reproduce the analogous M(atrix) configuration we must turn on a constant mag- 
netic field in the D4-brane world volume F^^ ^ _p2i ^ ^34 ^ _^43 ^ r^^^ 
one-loop vacuum amplitude for open strings stretched between this configuration is given 
by. 
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2tt 



JjiAntr^ZB X Zf 



= ^{^^/302(^63^|^^)e2(ie4^|^^) (3.11) 



e2(o|zt) 

+ ^^/|ei(ze3t|zt)ei(ze4t|zt) 
where tanyrei = Fi. In the t —>■ oo hmit the amphtude becomes, 



TT 



27r J ^ 4sin7rz/t sinhyrcit sinh7rc2t 

X {2 + 2 cos 27rj^t + 2 cosh 27rcit + 2 cosh 2nc2t — 8 cos yrz^t cosh ncit cosh 7rc2t 

(3'l2) 
with = I — Cj. 

In the t — s> limit we extract the long distance potential to lowest order in Ci = nci 
and V = and find, 

y _ ^4 (1 + F!){1 + F2)^ z;^ + 2(4 + cpz;^ + (cf - cj)^ ^^^^^^ 
647r2 C1C2 

When ci = C2 the potential vanishes at zero velocity, refiecting the fact that some super- 
symmetry is preserved. This is related by T-duality to D2-branes at SU{2) angles pl[] . In 
the large Fi ^ ^ and f — > limit there is agreement between ( |3.12| ),( p.l3| ) and the M(atrix) 
results (131). (113). dUDwhen we identify Mi 



■KCi 



4. Discussion 

We have computed potentials between various configurations containing 8-branes in 
M(atrix) theory and II A string theory and compared their velocity independent terms. For 
the cases of 8-branes interacting with 2-branes and 4-branes we find agreement between 
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the two approaches □. However in the case with 8-branes and 0-branes we find that the 
M(atrix) approach fails to include contributions coming from the (—1)^ R sector in the 
string calculation. It may be the case that extra degrees of freedom need to be added 
to the M(atrix) model, and we note that the addition of a bosonic determinant such as 
det~^/'^{—d'^ + 7^^^) to ( |2 .41 ) would lead to agreement. It is possible that the calculation 
itself breaks down, since for example we cannot rely on large values of an impact parameter 



to control instabilities and as noted in [|2^ we are somewhat outside of the region of validity 
of the eikonal approximation in this case. The agreement obtained for 2-branes and 4- 
branes would however seem to suggest that the technique can be extrapolated. A related 
issue arises in the SQM description of DO-branes in the presence of pure D8-branes, where it 
is necessary to add an additional D8-brane source to cancel IR divergences |19,22|. Another 



possibility comes from considering the very recent work of p3| , |2^ where it was shown that 
when a DO-brane moves through a D8-brane a fundamental fermionic 0-8 string is created.! 
Accounting for this phenomena in M(atrix) theory may resolve the discrepancy. 

Following [ p5|p6| ,|3[| we can make some comments about the consequences of interpret- 
ing the IIA D8-brane as a wrapped IID nine-brane. If we compactify the IID theory 
on a circle of radius -Rn = ^/a' Qs-, then upon double dimensional reduction the D8-brane 
tension is related to the tension of the IID nine-brane by (in units where gs^i.v = fi'ii/xi/), 

Ts = 2nV^gsT^^. (4.1) 

The tension of a Dp-brane is also given in terms the string tension Tg = by the 

formula, 

T2 = —{2n)^-PTP+\ (4.2) 
9s 

Equating ( f4.1| ), (|4.2|) and using the fundamental membrane tension 27ri?iiT^'^ = leads 
to a relation between IID quantities. 



^ We also checked interactions between two 8-branes and found agreement between string 
theory and M(atrix) results. There is no static potential and velocity dependent corrections 
appear at order f^. Velocity dependent corrections to the potentials for 8-branes interacting with 
2-branes and 4-branes appear to agree in the two approaches as well. 

^ In 1 24] it was argued that presence of "half" a fundamental string accounts for the attractive 



force coming from the (-l)'^R open string sector, which is dual to the exchange of R-R closed 
strings between the branes. 
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2tx 

In the Rii oo limit, T^^ diverges. This can be compared to an analogous calcu- 
lation, treating the D6-brane as an unwrapped IID six-brane which leads to the tension 
formula, Tg = . Again, using ( |4.2| )and trading Qs and a' for Rn and T^, we can derive 
an IID relation, 

T^ = RUTrf. (4.4) 

Tg^ also diverges in the Rn ^ oo limit, which is consistent with its interpretation as 
a magnetic KK p-brane [0. The fact that behaves in the same way suggests that 
the lOD 8-brane may have a similar IID origin.^ The M(atrix) six-brane and eight-brane 
configurations were also shown to have energy densities which scale to infinity in the large 
N limit in U i. 



Note Added 



After this work had already appeared we received which studies interactions of 
the pure D0-D8 system in some detail. 
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The fact that the two may be related was previously mentioned in the context of massive 
IIA supergravity |Q. 

^ This is in contrast to the "end of the world" 9-branes which are related to an orientifold 
plane plus 8 D8-branes and their mirror images and which should have finite tensions in the 
uncompactified limit. 
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